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Abstract A series of Bi substituted yttrium iron garnet (Bi-YIG) nanoparticles with
nominal formula of BixY3−xFe5O12 in which x varied in steps of 0.0, 0.25 and 0.5
are prepared by conventional method. Vibration sample magnetometer (VSM) at
Room temperature (RT) shows saturation magnetization decreases from 27.4 to 25.2
(emu/g) as x value increases from 0.0 to 0.5. Room temperature 57Fe Mössbauer
spectra are recorded for these series. The hyperfine field value for octahedral
and tetrahedral of samples increases from 484 and 390 kOe to 491 and 397 kOe
respectability, as Bi replaces Y in (BixY3−xFe5O12) atom with increasing x value.
The effect of Bi3+ substitution for Y3+ on lattice constants, morphology and magnetic
properties of pure YIG has been investigated.
Keywords Bi-YIG · Magnetization · Mössbauer spectroscopy
1 Introduction
Bi-YIG have been found to exhibit a drastic increase in Magneto-Optic (MO) effect
as reflected to the Faraday rotation θF and the Kerr rotation θK values [1, 2], which
are good candidate materials for microwave device and magneto-optical recording
medium [3]. Structure analysis by Menzer [4] showed that in YIG, cations are located
at centers of corresponding oxygen polyhedral, i.e. Y+3 is located at the center
of dodecahedron (distorted cube) with ionic radius 1.016 Å, Fe+3 in octahedral
with ionic radius 0.642 Å and tetrahedral with 0.492 Å. There are some exchange
interaction between Fe+3 ions, where a–a and d–d due to intersublattice exchange
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Fig. 1 X-ray diffraction of BixY3−xFe5O12 (x = 0.0, 0.25 and 0.50)
and a − d by intrasublattice in a and d sites which is superexchange. In this paper, we
have studied change in lattice constant, morphology and magnetic properties in the
garnet structure of nominal formula BixY3−xFe5O12 (x = 0, 0.25 and 0.50).
2 Experimental
A mixture of raw materials (Fe2O3, Y2O3 and Bi2O3) with stoichiometric propor-
tion, according to BixY3−xFe5O12, is chosen and weighed. The mixing procedure is
performed in a mortar for about 2 h. The samples with x = 0, 0.25 and 0.5 are then
calcined at 1,300◦C all for 3 h. The calcined samples are crushed and then ground
again into powder form. X-ray diffraction was performed with a Cu target. Particle
morphological features were imaged by scanning electron microscope (SEM). Mag-
netization measurements were performed with a VSM. Mössbauer measurements
were carried out at room temperature.
3 Results and discussion
The X-ray diffraction patterns of all three samples are shown in Fig. 1. The X-ray
patterns show single phases of garnet. The lattice constants are calculated using
Reitveld refinement and listed in Table 1.
The lattice constant increases linearly from 12.329 to 12.368 as concentration of Bi
increase from 0.0 to 0.5 and it follows Vegard’s law. This can be expected in view of
the fact that Y+3 with smaller radius (1.016 Å) is substituted by Bi+3 with larger ionic
radius (1.132 Å). The increase in lattice constant and shift of reflections toward lower
angle with increasing bismuth concentration (Fig. 1) shows that Bi atoms have been
incorporated into the garnet structure [5]. The average particle sizes for all samples
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Table 1 Lattice constant, magnetic measurements and Mössbauer parameters of Bi-YIG samples
BixY3−xFe5O12 x = 0.0 x = 0.25 x = 0.50
Lattice constant (Å) 12.329 12.350 12.368
Particle size (nm) 45 48 50
Saturation magnetization (emu/g) 27.4 26.4 25.2
Coercivity (Oe) 49 13 16
IS (mm/s) a site d site a site d site a site d site
0.36 0.20 0.37 0.21 0.36 0.19
QS (mm/s) 0.05 0.00 0.06 0.01 0.08 0.01
Hhf (kOe) 484 390 486 393 491 397
I/I0 (%) 40 60 41 59 39 61
FWHM (mm/s) 0.54 0.53 0.52 0.51 0.55 0.52
a b 
Fig. 2 SEM pictures of samples a x = 0 and b x = 0.50
are determined by Scherer’s formula, which are in the range 45∼50 nm. Figure 2
presents morphology observed by scanning electron micrographs (SEM) for samples
x = 0 and x = 0.5. It shows particles in samples found completely agglomerated and
grain size increases from 1 μm to 5 μm as Bi concentration increases from 0.0 to
0.5. The stoichiometric compositions of Y, Bi and Fe for samples are confirmed
by EDAX.
The saturation magnetization and coercivity of samples measured by a VSM
at room temperature are shown in Fig. 3 as a function of Bi concentration. It
can be seen there is a decrease in saturation magnetization as Bi concentration
increases. This is in view the fact that by increasing Bi3+, the densities of samples will
increase. This is because the effect of Bi3+ atomic weight on density of Bi-substituted
garnets is more dominant than its effect of the ionic radius [6]. It can be seen with
increase x value coercivity drastically reduced. The minimum coercivity is observed
at Bi0.25Y2.75Fe5O12.
Figure 4 shows Mössbauer spectra of BixY3−xFe5O12 at room temperature. The
dots represent the experimental data and solid lines through the data points are result
of MOSFIT, the least-square fitting of the experiment data.
Spectra show two well-resolved sextet from iron in the octahedral a and tetrahe-
dral d sublattices. The difference in magnetic hyperfine field between sublattices is
due to degree of covalency for the Fe+3 ions in the octahedral and tetrahedral site of
the iron garnet crystal lattice. The fundamental magnetic properties of iron garnet
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Fig. 3 RT plot of
magnetization and coercivity
as a function of Bi
concentration
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Fig. 4 Mössbauer spectra
of samples BixY3−xFe5O12
(x = 0.0, 0.25 and 0.50)
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have their origin in magnetic ions and their interaction with surrounding oxygen
ions. The oxygen ions influence the electronic configuration of the enclosed iron
ion and provide the superexchange between iron ion in octahedral and tetrahedral
sites. The results of Mössbauer spectra analyses are presented in Table 1. The peak
area ratio of octahedral site to tetrahedral site are in the range 1.48∼1.5 for all
samples. Compression area ratio for pure YIG shows that Fe+3 in octahedral and
tetrahedral sites is not disturbed due to Bi substitution. The isomer shift values are in
the range ∼0.35 mm/s and ∼0.2 mm/s for octahedral and tetrahedral sites respectively
relative to metallic iron. The magnetic hyperfine field increases for both octahedral
and tetrahedral sites from 483 and 391 (kOe) to 491 and 397 (kOe) respectively
as Bi concentration increases from 0.0 to 0.5. This increase in magnetic hyperfine
interaction reflects an enhancement of the superexchange interaction in the vicinity
of the diamagnetic substitution.
4 Conclusion
The experiments established that Bi-YIG is successfully accomplished. The decrease
in saturation magnetization is attributed the effect of Bi3+ atomic weight on density
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of Bi-YIG where it more dominant than its effect of the ionic radius. Substitution
Bi3+ at dodecahedral site of YIG causes an increase in magnetic hyperfine interaction
for both octahedral and tetrahedral sites from 483 and 391 (kOe) to 491 and
397 (kOe) respectively.
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